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Understanding disease emergence
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= Ecological
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Daszak et al. (2000) Science, 287: 443-449.



Domestic animals: novel pathogen reservoirs

A

African buffalo, cattle, rinderpest (Hudson et al. 2002 Ecology of Infectious Diseases, Oxford)
American buffalo, cattle, brucellosis (Dobson & Meagher 1996 Ecology)

African wild dogs, domestic dogs, rabies (Kat et al. 1996 Proc Roy Soc Lond B)

Lion, domestic dogs, canine distemper virus (Roelke-Parker et al 1996 Nature)



Salmon farms along wild salmon migration routes
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1. Furunculosis — Bacterial Disease

* Infectious disease caused by Aeromonas salmonicida
e Disease spread in the Broughton Archipelago

e 1991 - Furunculosis outbreak in Brougthon Atlantic salmon precedes
outbreak in hatchery resulting in 28% mortality

e 1993 - Outbreak of antibiotic resistant Furunculosis strain in Atlantic
salmon precedes outbreak of same strain in hatchery




2. IHN — Viral Disease

 Infectious Haematopoietic Ne
« Highly pathogenic

o.- Highly transmissible via water
e Rapid di's'%iﬁe spread







Salmon lice — Crustacean parasites

(Lepeophtheirus salmonis)

[ ' “opepodi Chalimus 1-
Native parasite Nauplius 1,2 Copapadid halimus 1-4

Common on farm salmon

Common on wild adults (Free Swimming Stages) | (Attached Stages)

Rare on wild juveniles

< 5% prevalence P - L -
. NON-PARASITIC | PARASIA




Farms assoclated with sea lice infestations

L. Salmonis Abundance per Fish

Farms No Farms
Total L. =
g salmonis Total L. salmonis =3
= 4001 =
o - E = i — — — — —
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N= N= N= N= N= N= N= N=
537 37 498 118 36 566 250 61
Morton et al. (2004) Can. J. Fish. Aquat. Sci.
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Gargan, P.G., O. Tully, & W.R. Poole, 2002.
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Net pen aquaculture can undermine
transmission barriers
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Opportunities for novel transmission pathways and novel dynamics




Understanding sea lice impacts

* Do sea lice spread from farm to wild salmon?
 How many juvenile salmon die from lice?

* Do lice threaten wild salmon populations?



Fieldwork: Counting lice on juvenile salmon
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Life- Time Spatial

history stage duration  displacement
¢ T L Infection Dynamics
Chalimi T, L= V(T Tp)
Motiles T, L,=Vv(T AT, +T,)
C(X) = P IX ) L(u)du Secondary infections
v X
o S8 [ x4 Motile lice can reproduce and
Chalimi: H(x) = . J‘X_ﬂh L(u)du disperse
Motiles:  M(x) = S5 j XX_‘: L(u)du, Assume time scale of 2 parasite

generations

L) =0 [ M)k, (x—y)dy

Planktonic Copepodid Abundance
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Fitting the transmission model

» Probabilistic model of infection events and parasite development

— Infection by copepodids occurs as a Poisson process with spatially
variable rate parameter

— Infection by later developmental stages occurs as a Poisson-binomial
process with variable rate parameter

P{N,, =k} = ni;‘{@j(sc)"(l—sc)”k([lh(n)!()]e-lh(x)ﬂ
= %[Sclh(X)Te's°'“(x’,

where

1, (X) = 8= j “L(u)du

Sample set
gives the likelihood Individual fish
/Louse stage

L[data | model]= HHH Ply, - model |
] k
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Understanding sea lice impacts

* Do sea lice spread from farm to wild salmon?
— YES, for 30 - 80 km

 How many juvenile salmon die from lice?

* Do lice threaten wild salmon populations?
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Sea lice dynamics

Survival Analysis

Q(t) — probability a host survives to time t
f(t) — probability density function of mortality events

f="h-00) Q) = exp| - H, [} A |
The likelihood function  [] f(z)] [Q())

Lice transmission is spatial but host survival is temporal

Use the chain rule to map time to space via migration velocity
— dg/dx = dg/dt - dt/dx = v--dg/dt

dPy _ PSS _

G ’1“) __(n“l + )Py Salmon survival

dP, ng

dx v 11 v (n,ul + a1) 12 ﬁ (Z_N _£|:alz Pll (X) + pa, P (X):|
: X Vv

dPln = nlul Pln 1 __(n/ul + al)Pl,n

dx Y
ﬂ:n_ﬂlpln_zpz
dx v TV



Farm lice and wild salmon survival

Krkosek, Lewis, Morton, Frazer, Volpe, Proc Natl Adac Sci USA, 2006
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Understanding sea lice impacts

* Do sea lice spread from farm to wild salmon?
— YES, for 30 - 80 km

 How many juvenile salmon die from lice?
— 9-95% of juvenile salmon are killed by lice.

* Do lice threaten wild salmon populations?



Predicting population impacts

Krkosek, Gottesfeld, Proctor, Rolston, Carr-Harris, Lewis, Proc Roy Soc Lond B, 2007
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_ exp[— [ CD(t)dt}

Non-compensatory mortality
@, (t) = aﬁ(t)

Compensatory mortality

(Dz(t) = {

0  if P () < u(t)
(P (1) - 2(1)), if oP () > s(t)
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The case of the Viner Chums

Chum salmon escapement to the Viner River Burdwood Age-Class
salmon farm treated to

installed fallow

Commercial fishing on large cycles

> < >

No commercial fishing




Understanding sea lice impacts

* Do sea lice spread from farm to wild salmon?
— YES, for 30 - 80 km

 How many juvenile salmon die from lice?
— 9-95% of juvenile salmon are killed by lice.

* Do lice threaten wild salmon populations?
— Probably, but thorough analysis not yet complete
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Conclusions

Myriad disease interactions between wild and farm fish

2. Disease dynamics and impacts are unpredictable and poorly
understood

3. Scientific capacity Is just beginning to detect, study,
understand, and manage disease interactions.




The ocean Is an open system
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